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SPECIFICATION 

1 . Title of the Invention 

RESTITUTION COEFFICIENT MEASURING DEVICE 

2 . Claim 

A restitution coefficient measuring device comprising: 

a mechanism (5) for dropping a spherical falling object (4) to 
a sample to be measured ( 3 ) ; 

detecting means ( 5 ) for detecting the point of time when the falling 
object (4) is dropped on the sample (3) and restituted; and 

means ( 7 and 8 ) for respectively showing an output of the detecting 
means (5) by a signal waveform along a time base; characterized in 
that 

the restitution coefficient of the sample (3) is obtained in 
accordance with an output restitution time interval. 

3. Detailed Description of the Invention 
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[Outline] 

A device for dropping a spherical falling object from the upper 
portion of a sample whose restitution coefficient should be measured, 
detecting and recording a shock wave when the falling object collides 
with the surface of the sample and is restituted, measuring a time 
interval between continuous points of times of restitutions by the 
recorded shock wave, and obtaining the restitution coefficient of the 
sample from the time interval . 
[Field of the Invention] 

The present invention relates to a restitution coefficient 
measuring device used to identify the characteristic of the surface 
of a magnetic disk or the like. 

Magnetic films of magnetic disks used for a magnetic disk drive 
include the application type in which a magnetic particles of y-Fe 2 0 3 
is formed on a nonmagnetic substrate such as aluminum together with 
a binding agent and the continuous thin-film type positively developed 
in recent years for high-density recording. 

A continuous- thin-film- type magnetic film uses a plated film of 
nickel-phosphor (Ni-P) or sputtered film of Y~ Fe 20 3 for horizontal 
recording . Moreover, a sputtered double -layer film made of Ni-Fe alloy 
(permalloy) and cobalt -chromium (Co-Cr) alloy is used for vertical 
recording . 

However, because a method for inspecting the characteristic such 
as impact resistance of a magnetic film formed in accordance with the 
sputtering method is not present, a method for simplifying the above 
characteristic and inspecting it at a high accuracy is requested. 
[Prior Art] 
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Therefore, ±t is attempted to drop a steel ball or the like on 
a magnetic disk on which these magnetic films are formed and detect 
the characteristic such as impact resistance of the magnetic disk in 
accordance with the value of a restitution coefficient at that time. 

As a method for detecting the restitution coefficient, it is 
attempted to detect a restitution coefficient when dropping a steel 
ball on the magnetic film of a magnetic disk and making the steel ball 
collide with the film or detect a restitution coefficient by using 
the steel ball and thereby forming a pendulum, making the steel ball 
of the pendulum collide with the magnetic disk so as to be restituted, 
and using a run-out angle of the pendulum after collision. 
[Problems to be Solved by the Invention] 

However, it is difficult to detect the height of the backlash 
of the above steel ball after the ball collides with the magnetic disk 
and is restituted or accurately detect a run-out angle of the pendulum 
after the steel ball of the pendulum collides with the magnetic disk 
and is restituted. 

It is further difficult to detect and measure the restituted height 
or angel of the pendulum in a micro restituting operation when the 
steel ball collides with the magnetic disk at a low speed. A tester 
is requested which accurately detects a restituted state even in the 
case of the low impact force and measures a high-accuracy restitution 
coefficient . 

[Means for Solving the Problems] 

Figure 1 is a schematic view showing a restitution coefficient 
measuring device of the present invention. As shown in Figure 1, the 
restitution coefficient measuring device is constituted of a vibration 
control disk 2 set to a fixed pedestal 1 , a magnetic disk 3 to be inspected 
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set on the disk 2 , a mechanism 5 for dropping a spherical falling object 
4 on the magnetic disk 3 to be inspected, an AE sensor 6 for detecting 
the point of time of restitution on the sample face of the falling 
object, and means 7 and 8 for respectively showing an output of the 
sensor 6 as a signal waveform along a time base. To obtain the 
restitution coefficient of the magnetic disk 3 in accordance with the 
restitution time interval of the falling object 4 is solved by a 
restitution coefficient measuring device of the present invention. 
[Operation] 

That is , a restitution coefficient measuring device of the present 
invention detects a time interval at the point of time of restitution 
in a state in which the spherical falling object 4 is dropped on the 
magnetic disk 3, the falling object 4 collides with the magnetic disk 
3 and is restituted and then collides with the magnetic disk 3 and 
is restituted again so as to accurately measure a restitution 
coefficient by detecting the time interval. 
[Embodiment] 

A restitution coefficient measuring device of the present 
invention is more minutely described below by referring to the schematic 
view in Figure 1 . The vibration control disk 2 is set on the cylindrical 
magnetic-disk setting pedestal 1 and the magnetic disk 3 to be inspected 
having the same substrate dimensions as the vibration control disk 
2 is set on the disk 2. The AE sensor 6 is set to the surface of the 
magnetic disk 3 by a proper setting j ig and an oscilloscope 7 is connected 
to the AE sensor 6 and a recorder 8 is connected to the oscilloscope 
7. 
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Moreover, a holding tool 5 for holding a steel ball 4 having a 
diameter of 0.5 mm by using a spring is set to a position approx. 1 
cm higher than the surface of the magnetic disk 3. 

Operations for measuring the restitution coefficient of the 
magnetic disk 3 by using the restitution coefficient measuring device 
are described below. 

As described above, the spring of the holding tool 5 is loosened 
to drop the steel ball 4 on the surface of the magnetic disk 3. Then, 
as shown in Figure 2, the steel ball 4 drops on and collides with the 
surface of the magnetic disk 3 and then, it is restituted and struck 
up and moves to the position of 4A and moreover drops on and collides 
with the surface of the magnetic disk 3 and then, it is restituted 
and struck up and moves to the position of 4B, and repeats the above 
operations . 

In this case, it is assumed that the necessary time between the 
point of time in which the steel ball 4 is restituted at the n-th time 
and the point of time in which the steel ball 4 is restituted at the 
n+l-th time is Tn. Moreover, it is assumed that the necessary time 
between the point of time in which the steel ball 4 is restituted at 
the n+l-th time and the point of time in which the steel ball 4 is 
restituted at the n+2-th time is Tnrl . In this case, as shown in Figure 
2 , speed components V n and V n+ i before and after collision becomes equal 
when the steel ball 4 is struck up and dropped again for collision. 
This is shown by the following expressions (1) and (2). 

V D = 1/2 gT n ... (1) 

V n+1 = 1/2 g T n+1 ... (2) 
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Therefore, a restitution coefficient e at the n+l-th restitution 
is shown by the above speed ratio and shown by the following expression 
(3) . 

e n +i - V n+1 /V n = T n+1 /T n ... (3) 

That is, a restitution coefficient is obtained from the necessary 
time ratio between restitutions. That is, the time from the fact that 
the steel ball 4 is dropped on and collides with the magnetic disk 
3 at the n-th time up to the fact that the steel ball 4 is restituted, 
raised, and dropped on and collides with the magnetic disk 3 again 
at the n+l-th time is measured. Moreover, the time from the fact that 
the steel ball is dropped on and collides with the magnetic disk at 
the n+l-th time and then it is restituted and raised up to the fact 
that the steel ball is dropped and collides with the magnetic disk 
at the n+2-time is measured to measure the time ratio between the times 
and a restitution coefficient e n +i. 

To obtain the necessary time between these restitutions , an elastic 
wave which is generated when the steel ball 4 drops on and collides 
with the surface of themagnetic disk 3 is detectedby the above-described 
AE sensor 6 . 

Figure 3 shows a state in which the detection information is shown 
as observation waveforms by the oscilloscope 7. In Figure 3, the axis 
of abscissa shows time (ins) and the axis of ordinate shows output of 
the AE sensor 6. As shown in Figure 3, the output waveform 11 of the 
AE sensor 6 is a damping waveform periodically repeated. 

The time until the waveform exceeds a certain value again after 
it is damped and exceeds the value is assumed as times T x , T 2 , and 
T 3 between collisions to the magnetic disk 3 of the steel ball 4. This 
time is easily obtained by an output waveform 11 of the oscilloscope 
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and ±t is possible to obtain a restitution coefficient in accordance 
with the expressions (1) to (3). 

In this case, a restitution test is performed by using a steel 
ball of 0.5 mm while variously changing a substrate material of the 
magnetic disk 3 and a method for forming a magnetic film and variously 
changing the material quality of the surface. Figure 4 shows a result 
of obtaining the restitution coefficient and the then collision speed. 

Table 1 shows characteristics of samples of magnetic disks when 
variously changing substrate materials used for the experiment or 
methods for forming a magnetic film. 

Magnetic media of these disks use y-Fe 2 0 3 or Co-P as a material. 



Table 1 





Material of 
substrate 


Feature of 
magnetic medium 


Sample 1 


Glass 


Sputtered film 


Sample 2 


Aluminum 


Plated film 


Sample 3 


Aluminum 


Coated film 



As shown in Figure 4, values of restitution coefficients shown 
on the axis of ordinate are distributed to the logarithm of collision 
speed shown on the axis of abscissa by having a linear relation for 
any one of magnetic disks of the samples 1, 2, and 3. Thereby, it 
is found that the difference between restitution coefficients of 
magnetic disk faces is clearly identified and it is possible to certify 
that the difference between impact resistances of magnetic disks can 
be easily determined by using a restitution coefficient measuring 
device of the present invention. 
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Moreover, when using a microphone 21 closely to the magnetic disk 
3 as another embodiment of the present invention as shown in Figure 
5 # it is not necessary to set a sensor for detecting a shock wave by 
closely contacting with the magnetic disk and a more concise restitution 
coefficient measuring device is obtained. 
[Advantages of the Invention] 

As described above, according to a restitution coefficient 
measuring device of the present invention, by obtaining a time ratio 
of collision cycle of a steel ball to a magnetic disk, it is possible 
to simply obtain a restitution coefficient and moreover, in the case 
of collision in a low-speed area, it is possible to obtain a restitution 
coefficient at a high accuracy. Therefore, by using this type of the 
device for inspection of a magnetic disk, there is an advantage that 
it is possible to inspect the characteristic of a magnetic disk such 
as an impact resistance at a high accuracy. 
4. Brief Description of the Drawings 

Figure 1 is a schematic view showing a configuration of a 
restitution coefficient measuring device of the present invention; 

Figure 2 is a schematic view showing a state of collision when 
using a device of the present invention; 

Figure 3 is an output waveform diagram when inspecting a state 
of collision by a device of the present invention; 

Figure 4 is an illustration showing a restitution coefficient 
detected by a device of the present invention; and 

Figure 5 is a schematic view showing another embodiment of the 
present invention . 

Description of reference numerals and characters 
1: Setting pedestal 
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2 : Vibration control disk 

3: Magnetic disk 

4, 4A, 4B: Steel ball 

5 : Holding tool 

6 : AE sensor 

7 : Oscilloscope 

8 : Recorder 

11: Output waveform 

21: Microphone 

T lr T 2 , T 3 , T n , T n+1 : Time between collisions 
V n , V n+ i: Collision speed 
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Figure 1 

#1 Restitution coefficient measuring device of the present invention 

1 Setting pedestal 

2 Vibration control disk 

3 Sample 

4 Falling object 
6 Sensor 

Figure 2 

3 Sample (Magnetic disk) 

4 Falling object 
#1 n times 

#2 n+1 times 
#3 n+2 times 

#4 Schematic view showing collision state 
Figure 3 

Information detected by sensor of device of the present invention 
Figure 4 

#1 Restitution coefficient 

#2 Sample 1 

#3 Sample 2 

#4 Sample 3 

#5 Collision speed 

#6 Restitution coefficient detected by device of the present 
invention 
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Figure 5 

# 1 Schematic view showing another embodiment of the present invention 
3 Sample (Magnetic disk) 
21 Microphone 
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